The amphidinolides are well-known series of cytotoxic macrolides isolated from the marine dinoflagellate Amphidinium sp., which is a symbiotic with Okinawan marine flatworm Amphiscolops sp., and attracted interests from the synthetic community due to their potent cytotoxic activities against various cancer cell lines. 1 The isolation and structural elucidation with the relative stereochemistry of amphidinolide O (1) were reported by Kobayshi et al. in 1995 ( Figure 1) . 2 Amphidinolide O (1) is a 15-membered macrolide possessing seven chiral centers, one tetrahydropyran ring with one exo-methylene group, three equatorial alkyl substituents, and one axial hydroxyl group, one epoxide, and three double bonds. In addition, amphidinolide O (1) showed in vitro cytotoxicity against L1210 cells (IC50: 1.7 µg/mL) and human epidermoid carcinoma KB cells (IC50: 3.6 µg/mL), and total synthesis of amphidinolide O (1) has not been reported yet.
In relation to our program for the synthesis of amphidinolide O (1), we published the stereoselective synthesis of C12-C17, C3-C11, and C1-C11 fragments of amphidinolide O (1) in the past few years. 3 We report herein a more efficient route along with the formation of the tetrahydropyran ring in the synthesis of C1-C11 fragment 3 using Brown asymmetric allylation 4 and Evans syn-aldol reaction.
5
In a retrosynthetic analysis (Figure 1 ), amphidinolide O (1) can be derived from the common intermediate 2. Intermediate 2 may be prepared from C1-C11 segment 3 and C12-C17 segment 4 by Yamaguchi esterification 6 and ring-closing metathesis (RCM).
7 Construction of the correct stereochemistry at C-4 and C-5 would be established from the Evans syn-aldol reaction of 5 and 6.
The intermediate 11 was prepared from the commercially available 1,3-propanediol (7) (Scheme 1). After mono-protection of the diol 7 using sodium hydride, PMBCl, and TBAI in THF in 70% yield, the primary hydroxyl group was converted quantitatively to the aldehyde by Swern oxidation, and the subsequent olefination using stabilized Wittig reagent in benzene provided the trans-α,β-unsaturated ester 8 in 91% overall yield.
3, 8 The ester moiety in 8 was reduced to a primary alcohol by Dibal-H in 94% yield. Swern oxidation of the resulting alcohol was followed by asymmetric Brown allylation protocol using (-)-B-methoxydiisopinocampheyl- borane 4 at -90 o C to provide the homoallylic alcohol 9 in a 8:1 enantiomeric ratio 9 and in 98% two step yield. The secondary hydroxyl group was converted to TES ether 10 in 87% yield, and the double bond was dihydroxylated using OsO4 and NMO in 68% yield. Dihydroxylation at -5 o C was necessary in order to suppress the concomitant formation of the tetraol. Oxidative cleavage of the diol afforded the aldehyde and the aldehyde was immediately treated with titanium enolate of (R)-4-benzyl-3-propyloxazolidin-2-one (6) to give the syn-aldol product 11 in 83% two step yield. After protection of the resulting secondary alcohol to the corresponding tert-butyldimethylsilyl ether in 96% yield, the Weinreb amide was treated with Dibal-H in CH2Cl2 to give the aldehyde 12 in 96% yield. Condensation of 12 with the enolate of ethyl acetate (92% yield) and the subsequent DessMartin oxidation of the resulting secondary alcohol gave the β-ketoester 13 in 81% yield. Removal of the TES protecting group in 13 using p-TsOH in methanol-dichloromethane led to the simultaneous cyclization into the tetrahydropyran acetal 14 and cleavage of TBS-protection group in 65% yield. Protection of the secondary hydroxyl group by TBSOTf and TEA in 99% yield, and final hydrolysis of ester moiety in 14 with lithium hydroxide gave the C1-C11 fragment 3.
10
The relative stereochemistry of tetrahydropyran 14 was further confirmed by 1 H NOE study (Figure 2) . In summary, the C1-C11 fragment 3 (18 steps, 4% overall yield from 8) of amphidinolide O (1) has been synthesized through Brown asymmetric allylation and Evans syn-aldol reaction as key steps.
